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In the conventional one-step cloning by nuclear transfer (nt), a donor cell nucleus is transferred into an enucleated mouse oocyte. Following activation, the resulting embryo is cultured in vitro and transferred to the uterus of a recipient [1] . In the alternative twostep procedure [ We established the ntES cell line M71CZ3 by nuclear transfer from a genetically marked, GFPpositive olfactory sensory neuron expressing the M71 odorant receptor gene [5] . The neuron came from a male mouse that was heterozygous for the M71-IRES-Cre targeted mutation [5] . We injected M71CZ3 cells into tetraploid blastocysts generated by electrofusion of diploid embryos from wild-type B6D2F1 females mated with hemizygous Z/EG males. The Z/EG transgene provides widespread and constitutive expression of β β-galactosidase [7] , which serves as a marker for tetraploid cells in our design. (The GFP gene and Cremediated recombination between loxP sites are not relevant for our purpose here.) In 619 tetraploid complementations, 39 clonal mice developed to term (6.3%). They were sacrificed soon after birth. The placentae of 11 clonal newborns showed intense X-gal staining, indicative of paternal Z/EG transgene inheritance and the expectedly extensive contribution of tetraploid cells to extra-embryonic tissues. The other 28 clonal mice apparently did not inherit the transgene from their fathers, who were hemizygous. Interestingly, in 3 of these 11 clonal mice disseminated β β-galactosidasepositive cells were found in several organs such as liver, heart and skeletal muscle (Figure 1 ). These organs were thus chimeric with regard to tetraploid/diploid cell content -a first difference to the true clones produced with the one-step procedure. A control series of a matching number of 11 clonal newborns with X-gal negative placentae did not show any background X-gal staining in the body.
In a second series of 204 tetraploid complementations, 11 pups were produced (5.4%), three of which survived to adulthood. Two of them were phenotypically female, although derived from an XY cell line. One female and one male proved fertile and generated 18 offspring, six of which were homozygous for the M71-IRES-Cre targeted mutation. As M71CZ3 is heterozygous for this mutation, the [15] .
The distinction between onestep and two-step nuclear transfer is increasingly being realized [16] . While it cannot be excluded that the one-step nuclear transfer procedure also induces genetic changes, the probability is far greater in the two-step procedure, as is exemplified by the results presented here. We have demonstrated that the two-step 'cloning' procedure does not necessarily produce mice that are homogeneously derived from the donor nucleus, or even mice of the same sex as their progenitor. We suggest that ntES-tetraploid mice are referred to as 'clonal'. This term reflects the ambiguity about the composition of the mice: some are cloned, others are chimeric. Moreover, because only one to three ES cells contribute to mice produced by ES-tetraploid complementation [9] , a genomic alteration that occurs in vitro during ES culture (such as loss of the Y chromosome) may manifest itself in the clonal mice. A further illustration of the importance of acknowledging genomic alterations in ES cells is that when cloned mice are produced directly by nuclear transfer from ES cells, the sex of the cloned mice can differ from that of the ES cell line because of Y chromosome loss [17] . Thus, even when the two-step procedure generates mice that are completely devoid of tetraploid cells, their nuclear genome may differ from that of the donor cell because clonal mice are monoclonal or oligoclonal with regard to the ntES cell origin. Genomic alterations during ntES cell culture may produce abnormalities that could mistakenly be attributed to insufficient or erroneous genomic reprogramming, issues that are at the center of the debate about the totipotency of differentiated cells.
